Objectives To determine the frequency of oral infection with potential for spread (OIPS) and behavioural risk factors in patients referred to a regional tertiary care-centre for OIPS assessment and clearance. Materials and methods A database search of all referrals to the Oral and Maxillofacial Diseases unit of HUH in 2009 was performed. Of the 2807 referrals, 408 were due to a known or suspected OIPS. The electronic patient records of these patients were analysed for patient demographics, lifestyle factors, radiological findings and clinical oral findings. Risk factors for OIPS were analysed using logistic regression and using the significant factors in univariate analyses in the multivariate models.
Introduction
The general life expectancy has significantly increased in many countries over the past two to three decades [1] . During the same time period, the association of oral health with general health and well-being has been clearly recognised [2] [3] [4] [5] . Concurrently, the advances in understanding, prevention and treatment of oral diseases allow more teeth to be preserved [6] , and individuals retain more of their natural teeth for longer. These teeth are, however, potential sources for dental and odontogenic infection [7, 8] . Importantly, most oral and dental infections are chronic with no or minimal symptoms [9] . However, these infections are a potential source for systemic spread and have been associated with severe systemic inflammatory diseases [2, 3, 7] .
All types of oral infection including those of the gingiva (gingivitis, marginal periodontitis), those of the tooth supporting bone (osteitis, apical periodontitis, bone cysts, partially erupted teeth with pericoronitis) or traumatic lesions and osteomyelitis can be an oral infection with potential for spread (OIPS) [8, 10, 11] . Mucosal lesions which compromise mucosal barrier can also act as a portal of entry for oral microbes into tissues and blood stream and act as OIPS. Marginal periodontitis and complications of dental caries including apical periodontitis are the most common types of OIPS. Apical periodontitis typically presents with symptoms and a localised abscess but it can also spread and cause cellulitis and systemic infection complications. However, it does not always present with symptoms. It results from a dynamic interaction between microbial factors from the infected radicular pulp and periradicular host defences resulting local inflammation, resorption of hard tissues and destruction of the other periapical tissues. In a Dutch head and neck cancer population, the prevalence of OIPS was reported to be 75% [12] . Up to 25% of these were cases of apical periodontitis. Some of these were asymptomatic and silent but with the potential to flare-up when the immunological status of the patient deteriorates or more microbes and nutrients are introduced into the root canal via coronal leakage. Patients undergoing immunosuppressive therapy have been shown to have more febrile episodes and septicaemia due to OIPS [13] , and dental clearance is commonly required for safe initiation or continuation of the immunosuppressive therapy [14] .
The main risk factors for periodontitis are poor oral hygiene, diabetes and male gender whereas the main risk factors for caries are lifestyle habits such as high and frequent sugar consumption and excessive alcohol consumption in addition to poor oral hygiene [15] [16] [17] [18] [19] [20] [21] [22] [23] . The risk factors for large carious lesions include poor coronal restorations (fillings and crowns) and irregular dental care history [22, [24] [25] [26] . Smoking has been associated with an increased risk for both periodontal diseases and caries [23, 27] , but some reports question the causal relationship of this association [28, 29] . The behavioural risk factors for OIPS have not been systematically studied previously.
It is very difficult, if not impossible, for non-dentally trained clinicians to assess patient's oral health reliably. On the other hand, it is not feasible for all medically complex patients to be referred for dental assessment. If behavioural risk factors were known, it would be possible to identify patients most at risk for OIPS and at need for OIPS assessment. As spreading dental infections can be life-threatening for medically complex patients, OIPS risk stratification could have a positive impact on patient outcomes. Therefore, we set up this work to study the behavioural risk factors and frequency of OIPS by conducting a population-based 1-year cohort study.
Methods

Study design and study cohort
We conducted a 1-year cohort study at the Department of Oral and Maxillofacial Diseases at Helsinki University Hospital (HUH), which is a tertiary-care centre consisting of a referral population of 1.6 million in the Helsinki metropolitan area. The total population in Finland is 5.4 million inhabitants, whereby the HUH referral population covers approximately one third of the Finnish population. The original study material for this retrospective analysis consisted of all patients referred to Department of Oral and Maxillofacial Diseases between 1st of January and 31st of December 2009. The research board of the Medical and Surgical Departments of HUH approved the study (study numbers M1010I0014). EF was the only investigator who accessed identifiable patients' data. All data were entered into a coded database constructed using FileMaker pro 10.1 software. The analyses were performed without patients' identifiers according to the research ethics policy of HUH.
Search strategy and selection criteria
We evaluated all referrals of adult (≥ 18 years) patients (n = 2807) to the Oral and Maxillofacial Diseases unit during the 1-year period. A database search of the HUH Uranus electronic patients records was conducted. All patients referred due to suspicion or exclusion of OIPS were included. The indication for referral is a mandatory field in our referral system, and this indication was used to identify patients for all referrals. The radiological examinations of the teeth and jaws taken at the time of referral were also analysed.
Outcome measures
The oral and dental findings such as caries lesions, residual roots, marginal periodontitis, pericoronitis, mucositis and other oral diseases were recorded and evaluated. OIPS in this study was defined according to Helenius-Hietala J et al. and Yamagata K et al. [10, 11] with the following modifications: OIPS was defined as periodontal disease, deep caries cavity or residual root, apical periodontitis (apical radiolucency), partially erupted wisdom teeth with pericoronitis, osteomyelitis, alveolar osteitis, mucositis, cyst or traumatic lesions.
Patient demographics, clinical data including radiological and oral findings and behavioural data including smoking habits, alcohol consumption and dental care history were collected. At our centre, the primary imaging for patients referred for evaluation of OIPS is a panoramic radiograph. These are done at the Radiology Department and reviewed real-time by specialist oral radiologists who request and perform any additional imaging required for definite diagnoses and provide a detailed report. Radiological findings mentioned in these reports were analysed. Smoking was defined by the present smoking status. Non-smokers were categorised as life-time non-smokers or past smokers, when known. Excessive alcohol consumption, was classified using the Finnish National Institute for Health and Welfare criteria [30] : in males, consumption of seven or more units of alcohol at one occasion or 24 or more units in a week and in females, five or more units at one occasion or 16 or more units in a week. New UK guidelines for alcohol consumption recommended an upper limit of 14 units of alcohol in a week. Irregular dental care history was defined as no dental visits in the past 2 years or only acute dental visits. Caries was diagnosed both visually and radiographically. Initial caries lesions were not included in our analyses. The diagnoses of marginal periodontitis is based on the combination of increased pocket depths (≥ 4 mm), radiological findings together with clinical presentation. Viability testing was performed when clinically or radiologically indicated.
Statistical analysis
Statistical analyses were conducted with JMP 10.0. (SAS Institute, Cary, NC) software. Continuous variables were analysed for normal distribution using the Shapiro-Wilks test and compared with categorical variables using the MannWhitney test when differing from normal distribution (number of different OIPS types). The univariate analyses of categorical variables were analysed by the χ 2 test. Multivariate analyses were performed using nominal logistic regression including only the significant factors in univariate analyses into the multivariate models. Data are presented as median (range) or number (%). p values less than 0.05 were considered statistically significant.
Results
During the 1-year study period, 2807 patients were referred to the HUH Unit of Oral and Maxillofacial Diseases (Fig. 1 ). Of these, 408 patients were referred due to a known or suspected OIPS. After clinical and radiological examination by a resident dentist at the Unit of Oral and Maxillofacial Disease, one or more OIPSs were diagnosed in 314 of the 408 patients (77%). Table 1 summarises the indications for referrals. Most patients were referred due to upcoming cancer treatment Fig. 1 Flow chart of the 1-year population-based cohort study of 2807 patients were referred to the HUH Unit of Oral and Maxillofacial Diseases in 1 year. Of these, 408 patients were referred due to a known or suspected OIPS. After clinical and radiological assessment, one or more OIPSs were diagnosed in 314 of 408 patients (n = 147, 36%) or other immunosuppressive therapy (n = 123, 30%). Of the patients with upcoming cancer treatment, 82 (56%) were head-and neck cancer patients. The second largest group consisted of immunosuppressed non-cancer patients. This group included patients being evaluated prior to organ transplantation, pre-dialysis patients, patients with severe liver failure due to cirrhosis or hepatitis and patients with other planned immunosuppressive medication. The third largest group (n = 111) consisted of patients with disseminated bacterial infection such as endocarditis, sepsis, spondylodiscitis and of patients with an underlying inflammatory disease with the suspicion that the an OIPS was contributing to the systemic inflammation. In addition, 18 (4%) patients were referred prior to elective heart surgery, comprising mainly of patients with prospective valve or coronary bypass operations.
The age and gender distribution of the study cohort is shown in Fig. 2 . The majority of the patients were male (n = 282, 69%) with mean age being 58 (range 19-89) years. The age distribution was similar across both genders, and the mean age of the female patients (n = 126, 31%) was also 58 (range 19-96) years.
The results of the univariate analyses for potential risk factors for OIPS are shown in Table 2 . Smoking, irregular dental care, excessive alcohol use and male gender significantly increased the risk of OIPS. Data were missing from 127 (30%) patients concerning smoking, 104 (25%) regarding dental care history and 275 (67%) regarding alcohol use. The mean age of the smokers was significantly lower (54 years, 95% CI 51 to 56 years) than that of the non-smokers (60 years, 95% CI 58 to 62; p = 0.0002). Smokers were more often male (OR 2.8, 95% CI 1.6 to 5.0; p = 0.0002) and had an irregular dental care history (OR 6.8, 95% CI 3.6 to 13.0; p < 0.0001) and used alcohol excessively (OR 14.3, 95% CI 3.9 to 51.5; p < 0.0001). In total, 90% (n = 103) of smokers had OIPS, whereas only 73% (n = 121) of the patients who did not smoke had OIPS.
To clarify independent risk factors for OIPS, we next performed multivariate analyses on the significant risk factors (Table 3 ). Smoking was identified as an independent risk factor for OIPS in multivariate analysis after accounting for gender (OR 2.85, 95% CI 1.45 to 5.95, p = 0.0019; Table 3A) . When all behavioural risk factors (smoking, male gender, excessive alcohol consumption and irregular dental care history) were included into the model, smoking was the only independent risk factor for OIPS (OR 3.57, 95% CI 1.2 to 11.8, p = 0.0218; Table 3B ). In addition, absence of smoking history independently protected patients from OIPS (OR 0.28, 95% CI 0.085 to 0.834, p = 0.0218).
Finally, the prevalence and distribution of the different types of OIPS were analysed among smokers (n = 115) and non-smokers (n = 166) ( Table 4 ). Smokers had significantly more different types of OIPS (mean 2, range 0-4 vs. mean 1, range 0-4; p < 0.0001) and significantly more periodontal disease (OR 2.1, 95% CI 1.3-3.5; p = 0.002) when compared to non-smokers. In addition, caries lesions and residual roots were more common in smokers than in the non-smoking group (OR 1.8, 95% CI 1.1-2.8; p = 0.0219). Apical Fig. 2 Distribution of age by gender in the study cohort. The age and gender distribution of the study cohort is shown in Fig. 2 . The majority of the patients were male (n = 282, 69%) with mean age being 58 (range 19-89) years. The age distribution was similar across both genders, and the mean age of the female patients (n = 126, 31%) was also 58 (range 19-96) years OR odds ratio, CI confidence interval periodontitis was slightly more common among smokers (48, 42% vs. 59, 36%), but the difference was not significant (OR 1.3, 95% CI 0.8-2.1, p = 0.293). Regarding pericoronitis and other OIPS types, there were no differences between smokers and non-smokers.
Discussion
The establishment of clinical risk factors for OIPS is crucial for the identification of high-risk patients that would benefit from dental assessment. Careful management of these highrisk patients may potentially prevent the development of severe systemic infections and limit extended antibiotic therapy. In the present study, smoking, male gender, irregular dental care and excessive alcohol consumption were significant risk factors for OIPS. Oral infection with potential for spread were found to be common in patients referred for OIPS clearance, and smoking was identified as an independent behavioural risk factor for OIPS. Moreover, smokers had significantly more different types OIPS than non-smokers: more periodontal disease, more caries lesions and more residual roots. In addition, the absence of smoking history independently protected against OIPS.
The association between smoking and poor periodontal health was discovered several decades ago [27, 31, 32] , and it has been assumed that the effect of smoking is systemic [33] . To our knowledge, this is the first study where the association between tobacco smoking and OIPS as a group of diseases leading to increased risk of systemic spread has been studied. In previous studies, smoking has been linked individually to individual OIPS subtypes, such as periodontal disease [20, 24, 27, 31, 34] , apical periodontitis [24, 34, 35] and dental caries [20, 21, 23] . Further, smoking has been found to increase the risk of developing periodontal disease, dental caries, soft-tissue lesions, oral cancer and other oral conditions [20, 21, 23, 36, 37] . In a study by Calsina et al., smokers had 2.7 times greater risk of developing periodontal disease than non-smokers, independent of age, sex and dental plaque index [38] . In previous studies, apical periodontitis, which can be considered to be the most asymptomatic of all OIPSs, has also been linked to smoking [34, 35] . Interestingly, Kirkevang and colleagues [24] assumed that the effect of smoking on apical periodontitis may reflect a generally delayed bone healing in smokers. There is clear evidence that smoking is a major risk factor for marginal periodontitis [39, 40] . The results of the present study were consistent with the findings in earlier studies confirming the association between smoking and periodontal diseases, dental caries and apical periodontitis.
In addition to smoking, other risk factors such as male gender, excessive alcohol consumption and irregular dental care history have been implicated as having a considerable role in developing OIPSs. Hands et al. [41] have shown that more teeth have to be extracted from male patients compared to women (Hands JL 1991). In 2008, Jansson et al. reported that a group of subjects with high alcohol consumption had more dental caries, calculus and apical periodontitis compared to a less alcohol consumption group [22] . However, there was no association between periodontal diseases. In addition, people with excessive alcohol consumption visited dentists more irregularly than people who did not drink excessively [22] . Furthermore, alcohol is a risk factor for mucosal malignant and premalignant lesions [42] . In the present study, smoking, irregular dental care, male gender history as well as excessive alcohol consumption were all identified as risk factors for OIPS. Consistent with earlier studies, these risk factors also associated to dental diseases, such as periodontal diseases, apical periodontitis and caries. The strength of this cohort study is that all adult patients referred to the Oral and Maxillofacial Diseases unit of HUH during a 1-year period were included in the analyses. Secondly, this is a population-based study comprising of a relatively large number of patients (> 400) and proportion of the Finnish population; the metropolitan area of HUH consists of a referral population, which represents about a one third of the Finnish population. In addition, the cohort population consisted of the majority of organ transplant patients, head and neck cancer patients and the majority of other cancer and heart surgery patients treated at HUH. However, there are some limitations to our study. Due to the retrospective study model, data could not be collected for all parameters; information of alcohol consumption was missing in 67% and smoking in 30% of patients. In addition, data on limited number of variables could be reliably collected from hospital records. Thus, some potential confounding factors, such as level of oral hygiene and diet, will need to be addressed in future studies. However, the study results are in accordance with previous studies concerning smoking, dental care history and alcohol consumption; thus, conclusions can be justified.
Based on the results of this study, smoking was an independent risk factor for OIPS in these patient groups, and it putatively plays an important role in the development of, not only OIPSs of periodontal origin, but also of other OIPS types. While smoking is common, our results provide a tool for clinicians to identify patients at increased risk of OIPS and provide a pathway for resource allocation in dental care. Moreover, since we found that absence of smoking protected against OIPS, we suggest that a primary prevention approach in the younger adult population is also indicated with smoking cessation encouragement.
